Diaphragm/spermicide use increases the risk of urinary tract infection (UTI). To determine whether spermicide-coated condoms are also associated with an increased risk of UTI, the authors conducted a case-control study at a large health maintenance organization in Seattle, Washington. Cases were sexually active young women with acute UTI caused by Escherichia coli, identified from computerized laboratory files during 1990-1993. Age-matched controls were randomly selected from the enrollment files of the plan. Of 1,904 eligible women, 604 cases and 629 controls (65%) were interviewed. During the previous year, 40% of the cases and 31 % of the controls had been exposed to any type of condom. The unadjusted odds ratio for UTI increased with frequency of condom exposure from 0.91 (95% confidence interval (Cl) 0.65-1.28) for weekly or less during the previous month to 2.11 (95% Cl 1.37-3.26) for more than once weekly. Exposure to spermicide-coated condoms conferred a higher risk of UTI, with odds ratios ranging from 1.09 (95% Cl 0.58-2.05) for use weekly or less to 3.05 (95% Cl 1.47-6.35) for use more than once weekly. In multivariate analyses, intercourse frequency (odds ratio (OR) = 1.14 per weekly episode), history of UTI (OR = 2.64), and frequency of spermicide-coated condom exposure (OR = 3.34 for more than once weekly and 5.65 for use more than twice weekly) were independent predictors of UTI. Spermicide-coated condoms were responsible for 42% of the UTIs among women who were exposed to these products. Am J Epidemiol 1996;144:512-20.
Women who use a diaphragm along with a spermicide are at increased risk of acquiring a urinary tract infection (UTI). Studies from several different countries employing a variety of different methodologies have shown the risk to be approximately two-to 3.5-fold greater than that for sexually active women who were not using a diaphragm (1) (2) (3) (4) (5) (6) (7) . Initially, the mechanism of this effect was attributed to ill-fitting diaphragms that impinged upon the urethra, causing obstruction and residual urine. Subsequent studies have disproved this notion and have suggested that the effects of the spermicide on the vaginal flora are the dominant factor (8) . Diaphragm/spermicide users, even those with no history of UTI, typically have higher levels of introital and periurethral colonization with uropathogenic organisms than do women using other means of contraception (9) (10) (11) . The levels of colonization approximate those seen in women with recurrent UTI (12) . Among women using spermicidal foam or diaphragm/spermicides, bacteriuria with Escherichia coli after intercourse is more frequent (usually in levels of 10 2 to 10 3 bacteria per milliliter) (13) .
Accumulating evidence suggests that spermicidal agents promote colonization of the vaginal introitus, an important step in the pathogenesis of UTI, by altering the normal vaginal flora and enhancing adherence of pathogens to the vaginal mucosa (14) . In vitro, pharmacologic concentrations of nonoxynol-9 (N-9), the most commonly used spermicidal agent in the United States, inhibit the growth of the normal constituents of the vaginal flora, i.e., lactobacilli and Gardnerella vaginalis, while failing to exert a similar effect on uropathogenic E. coli. Moreover, certain strains of E. coli demonstrate greater adherence to vaginal cells treated with N-9 than to control cells (14) . Because diaphragm/spermicide users are more prone to UTI, they may also be more easily infected by organisms that possess fewer virulence factors than the bacteria that infect women who use other forms of contraceptives (15) .
A major current source of exposure to N-9 is via condoms coated with this agent. One recent study of women experiencing a first-time UTI found that the use of a condom within the previous 2 weeks was associated with a 43 percent increase in the odds of UTI compared with women using oral contraceptives or no method of birth control, after adjustment for sexual activity and other confounding factors (16) . Women who used condoms five or more times during the same time period had a fivefold increase in the odds of UTI.
Unfortunately, the exposure data from this study lacked specification regarding spermicide coating. To address this question directly, we performed a casecontrol study to ascertain the risk of UTI among women who used spermicide-coated condoms compared with women who did not use them. We also sought to compare the risk of UTI related to condom and diaphragm/spermicide use.
MATERIALS AND METHODS

Study setting and participants
The study was conducted at Group Health Cooperative (GHC) of Puget Sound, a staff-model health maintenance organization, that has 380,000 contract enrollees and is the oldest cooperative health maintenance organization in the United States. To aid in obtaining medical records and reduce the number of potential subjects to be screened, we limited eligibility to women receiving care in Pierce, King, Thurston, and Snohomish counties in Washington State. There were approximately 75,600 female GHC enrollees between ages 18 and 40 years who obtained care in the four counties during the period of study, 1990-1993.
Selection of cases. Cases were women aged 18-40 years who had been members of GHC for at least a year and had an acute UTI with E. coli diagnosed within the previous month. Each month, we reviewed the computerized laboratory files to identify all women who had had a positive urine culture during the preceding month. We defined a positive culture as yielding slO 5 colonies per milliliter. We eliminated women who had received a GHC discharge diagnosis for any condition related to pregnancy or who had had a positive pregnancy test within the previous year. Because the process for identifying cases yielded many more individuals than necessary, we selected only as many as we expected to be able to interview within the subsequent 4 weeks. This was done by selecting potential cases consecutively in reverse chronologic order on the basis of the date of their UTI. We chose cases in this manner to minimize the interval between their UTI and the study interview, thereby reducing recall inaccuracies (17) . The number of potential cases selected each month varied according to interviewers' schedules and the backlog of subjects from the previous month. On average, the size of the case group chosen monthly was 75. Women not selected as potential cases at this point were eligible to serve as cases in a subsequent month if they experienced another UTI.
We then reviewed the medical records of potential cases to ascertain whether there was documentation of an acute, symptomatic UTI, defined as the presence of dysuria, frequency, or urgency for 2 weeks or less. We excluded women whose index culture was obtained during treatment for a previously diagnosed UTI, who had asymptomatic bacteriuria, or who had been pregnant within the previous year. The remaining women were eligible for interview. After securing permission from their primary physician, we sent a letter describing the study, advising that we would call to schedule an interview, and explaining how to decline participation.
Selection of controls. From GHC enrollment files, we randomly selected women to serve as controls. Like cases, controls had to have been GHC enrollees for the preceding 12 months. Controls were frequency matched to cases for date of birth (within 2 years). We also reviewed the hospital discharge and laboratory files to eliminate women who had a clinical record of having a UTI, had had a urine culture positive for 10 5 uropathogenic organisms per milliliter within the previous month, or had been pregnant within the previous year. After receiving permission from their primary physician, we also contacted potentially eligible controls by mail and instructed them on how to decline participation.
Final selection of cases and controls. Potential cases and controls who had not notified us that they wished to be excluded were contacted by telephone to make a final determination of their eligibility and willingness to participate. We made up to 10 attempts to reach each woman by telephone. When they were contacted, we asked potential participants whether they had received materials about the study and confirmed that they had been active members of GHC for the previous year and had not been pregnant during that time. We eliminated any women who did not meet these eligibility criteria as well as those who no longer lived in the area or who told us that they had not been sexually active during the previous month. We also eliminated women with certain medical conditions, including neurologic problems that might interfere with voiding, known anatomic abnormalities of the urinary tract, an indwelling urinary catheter, and diabetes mellitus.
We then described the study procedures, requested verbal consent, and scheduled an interview with those who consented. All procedures used in the study were approved by the Human Subjects Committees of the University of Washington and GHC.
Data collection
We performed all interviews by telephone with the aid of computer software that employed branching logic and was programmed to perform automatic range checking and examine internal consistency (CLU, Sawtooth Software, Ketchum, Idaho). The questionnaire was extensively pretested and revised prior to the study. During the first and last months of the study, 10 percent of interviews were monitored by a second interviewer who simultaneously recorded subject responses to assess reliability. Interrater reliability exceeded 98 percent for all items.
For each group of cases drawn monthly, we established a "reference date" that was the midpoint of the range of dates on which positive urine cultures were obtained. For example, during the first week of August 1993, we identified a group of potential cases who had positive urine cultures in the July laboratory file. Working in reverse chronologic order from July 31st, we selected cases on the basis of the date of their urine culture until we reached the 17th of the month. The midpoint of this range, July 24th, was designated as the reference date for that month. Each month, this date was programmed into the interviewing software and used as the point of reference for all questions relating to events during the month prior to the UTI, for example, "In the month prior to July 24th did you use a diaphragm?" Because we did not perform oneto-one matching, this permitted us to assign a comparable date to cases and controls and ask them identical questions. Women in the case and control groups were interviewed a median of 77 days (mean = 78 days) and 75 days (mean = 77 days) after the reference date, respectively.
For the entire study, the monthly case samples were selected from a period extending a mean of 8 days prior to the last day of the month. For the 50 percent of UTIs that occurred prior to the reference date, the interval averaged 5 days.
During the interview, we asked subjects about their general medical, obstetric, and gynecologic history; recent frequency of sexual activity; and number of sexual partners. We collected detailed information about contraceptive practices during the previous year and the previous month, including frequency and manner of use and specific brands of products used. To classify the type of condom used, we inquired about whether the product was coated with a lubricant or a spermicide (and specifically, N-9). The interviewers used a notebook that listed 107 commercially available condoms (18) and provided color photographs of the packaging for 58 major brands. They used the notebook to assist subjects in identifying products by prompting with brand names and descriptions of packaging. The interviewer was also asked to record a subjective judgment about how confident she was about the subject's classification regarding exposures to a specific type of condoms.
The final set of questions asked during the interview related to the subject's history of previous UTIs. Until that point, the interviewer was uninformed about whether she was speaking with a case or a control to minimize any possible bias in ascertaining the subject's exposure status.
Analysis
Data were analyzed using SAS (SAS Institute, Inc., Cary, North Carolina) and EGRET (SERC, Seattle, Washington). Bivariate comparisons of characteristics by case status were tested for significance using the t test for continuous variables and the chi-square test for categorical variables. Odds ratios and 95 percent confidence intervals were calculated using standard methods (19) .
To adjust for potential confounding factors, we constructed several logistic models using case/control status as the dependent variable (19) . In these models, condom exposure was treated as either a dichotomous variable (yes/no) or an ordinal or continuous variable representing frequency of use. To test for the presence of a dose-response relation between frequency of condom use and UTI, we created a set of dummy variables representing different levels of condom use. Sexual activity was treated as a continuous variable, coded as the frequency per week during the previous month.
RESULTS
With computerized laboratory and administrative files, 1,394 women were selected as potential cases. Review of their medical records eliminated 405 women as ineligible, yielding 898 whom we attempted to contact as cases (table 1) . Of the 898, 148 were deemed ineligible on the basis of information gathered during the screening interview, leaving a total of 750 eligible cases. We initially identified 1,543 potential controls, of whom 389 were found to be ineligible after interview, leaving 1,154 eligible controls.
Eleven percent of the 898 potential cases we attempted to contact refused to be interviewed, and we could not reach 5 percent (table 1) . Twenty-two percent of the 1,543 potential controls we tried to contact refused the interview, and 12 percent could not be reached. Thus, 604 cases and 629 controls were included in the final analysis, for an overall response rate of 65 percent.
Cases and controls were similar with regard to age, ethnic background, education, and self-reported health (table 2) . Cases were more likely than controls to be unmarried, were more sexually active, and had a more extensive history of previous UTIs.
Condoms were the most common method of contraception and/or protection from sexually transmitted disease in the study population. They were used during the previous year and the previous month by 40 and 23 percent of the cases and 31 and 19 percent of controls, respectively. Of those who used condoms during the previous month, 35 percent of cases and 25 percent of controls reported that they definitely used condoms coated with N-9. Thirty-four percent of the total study sample used oral contraceptives during the previous year, while 39 percent of women or their partners had undergone surgical sterilization, 7 percent used a diaphragm, 13 percent practiced the rhythm method, and 7 percent used another method. To determine whether misclassification due to faulty recall regarding condom use could have biased our results, we repeated this analysis using responses from only the 132 cases and 153 controls for whom the interviewers felt high confidence in classifying exposure to condoms within the previous year. The odds ratio for UTI among women exposed to condoms within the previous year was 1.48 (95 percent CI 0.85-2.56). This result is nearly identical to the odds ratio of 1.47 obtained when all women were included.
The unadjusted risk of UTI was also significantly elevated for women who specifically reported use of condoms coated with N-9 during the previous month, with an odds ratio of 1.72 (95 percent CI 1.08-2.75) (table 3). The highest risk of UTI was again seen with greater exposure to N-9-coated condoms over the previous month or year. The odds ratio for women who had used N-9-coated condoms one or more times per week during the previous month was 3.05 (1.47-6.35), higher than the odds ratio of 2.11 for an equivalent level of exposure to uncoated condoms. For those exposed to N-9-coated condoms more than twice weekly during the previous year, the odds ratio was 2.39 (95 percent CI 1.10-5.16) compared with those unexposed to condoms. When women exposed during the previous month to condoms not coated with N-9 were treated as the reference group, the odds ratio of UTI among women who used N-9-coated condoms in the previous month was 1.74 (95 percent CI 0.96-3.14), while that for women who did not use any type of condom was 1.01 (95 percent CI 0.68-1.51). This indicates that most of the risk of UTI related to condom use could be accounted for by exposure to N-9-coated condoms.
Most exposure to condoms, including to N-9-coated condoms, occurred among women not using another method of contraception. Less than 3 percent of the women whose primary method of contraception was vasectomy or tubal ligation and less than 14 percent of those whose primary method was oral contraceptives reported exposure to any type of condom (table 4) .
The relative risk of UTI related to the use of N-9-coated condoms exceeded that associated with use of a diaphragm plus spermicide. The unadjusted odds ratio for acquiring a UTI among women who had used a diaphragm during the previous month was 1.24 (95 percent CI 0.77-1.99). The proportion of women using a diaphragm was small, however, and declined steadily during the course of the study ( figure 1) .
When we adjusted for potentially confounding variables, including known risk factors for UTI (i.e., frequency of sexual activity, history of UTI, and diaphragm/spermicide use) and age (the matching factor), the risk of UTI associated with spermicide-coated condoms was highly significant (OR = 2.42, 95 percent CI 1.45-4.04) (table 5, model 1). In fact, the risk of UTI among condom users was mainly confined to women exposed to N-9-coated products (table 5) . Moreover, with increasing use of spermicide-coated condoms during the previous month, the odds ratio for experiencing a UTI rose significantly (table 5, model 2). The odds ratio for use of an N-9-coated condom two or more times per week during the previous month was 5.65 (95 percent CI 1.56-20.42).
hi none of the multivariate models we constructed was there a significantly increased risk of UTI among women exposed to condoms not coated with spermicides compared with controls not using any type of condom. In the stratum of most frequent exposure, the odds ratio associated with use of uncoated condoms more than twice a week was 2.36, but the confidence intervals were wide and included 1.0. This again suggests that most of the excess risk of UTI among condom users is related to N-9 exposure. Among study patients exposed to spermicide-coated condoms during the previous month, 41.9 percent of UTIs among individuals were due to coated condoms (attributable risk percent). Other previously reported risk factors for UTI were also found to be significant in this study. In several multivariable models, the odds ratios of UTI associated with the frequency of sexual intercourse per week, coded as a continuous variable, ranged between 1.16 and 1.18 with a lower bound to the 95 percent CI of 1.06 to 1.08 and an upper bound of 1.23 to 1.25. A history of a previous UTI was also significantly associated with a heightened risk of UTI, with an odds ratio of approximately 2.65.
We did not detect an elevated risk of UTI among married (vs. single) women, those who had multiple sexual partners, or those who had a new sexual partner. We did not observe a significantly increased risk of UTI among women who had used a cervical cap during the previous month (OR = 4.0O, 95 percent CI 0.27-60.3) or the previous year (OR = 0.57, 95 percent CI 0.18-1.82) in comparison with sexually active women who were not using condoms, although the number of women using a cervical cap was very small.
Only a small number of women reported exposure to a vaginal spermicidal agent other than in association with use of a diaphragm or a coated condom. The odds ratios for UTI among women exposed to spermicidal foams, films, creams, suppositories, or sponges during the previous month and the previous year were 1.31 (95 percent CI 0.67-2.56) and 1.15 (95 percent CI 0.70-1.88), respectively, compared with women who reported no spermicide exposure.
To assess whether the women in the study might have confused N-9 coating with regular lubrication of the condom, we inquired about use of lubricated condoms. The odds ratio for use of one of these products during the previous month was not significantly elevated compared with no use of condoms (OR = 1.18, 95 percent CI 0.89-1.56).
DISCUSSION
hi this large, population-based case-control study, we observed a highly significant risk of UTT due to E. coli, the most common cause of UTI, among women exposed to condoms. The increase in risk of UTI was restricted to women who used condoms coated with N-9, the most commonly used spermicidal agent in the United States. Of the women who participated in this study, 36 percent had been exposed to a condom in the previous year and, at a minimum, 29 percent of these exposures involved spermicide-coated condoms.
After adjustment for these potentially confounding variables, such as frequency of sexual activity, history of UTT, and use of other contraceptive methods, the odds of UTI among women exposed to condoms coated with N-9 were up to three times higher than those among sexually active women who did not use coated condoms. The association between risk of UTI and exposure to N-9-coated condoms was consistent in every analysis performed.
The size and consistency of the observed relation between exposure to spermicide-coated condoms and risk of UTI and the strong dose-response relation suggest a causal relation. This is further supported by biologic research showing that N-9 induces changes in the normal vaginal flora that facilitate colonization with coliform bacteria, a circumstance known to precede the occurrence of UTI (12) . In addition, the association between use of coated condoms and UTI resembles that already proven between diaphragm use and UTI. Diaphragm use is suspected of causing UTI as a result of the effects of the spermicide used in conjunction with the diaphragm (13, 14) .
We took a number of precautions to minimize bias. Our case definition, acute urinary symptoms plus a culture yielding alO 5 bacteria per milliliter, is over 95 percent specific for the presence of a UTI (20) . We confirmed that all cases met this criterion based on review of data obtained from computerized laboratory files, medical records, and subject interviews. To avoid the biases introduced by using controls drawn from patients visiting a clinic or hospital, we randomly selected controls from the entire GHC enrollment base in the four counties studied. Exclusion criteria applied identically to the case and control groups.
We strove to minimize recall bias by interviewing cases as soon as possible after the occurrence of their UTI. The interval between the reference date and the study interview was similar for cases and controls. Subjects were not informed about the study hypothesis and were told only that the investigators were inter- ested in the "epidemiology of urinary tract infection." Because there was no method available to verify the subjects' reports of exposure to products containing spermicides, we made every effort to collect this information as accurately as possible during the interview. With respect to condom use, we asked questions about use both of products "coated with N-9" and those "coated with spermicides" and obtained nearly identical results with both wordings. On the other hand, we also inquired about use of "lubricated" condoms and found that reported exposure to these products did not increase the risk of UTI. In addition, to help subjects identify the type and brand of condoms to which they were exposed, the interviewers used a notebook with photographs of the packaging and a description of almost every condom marketed in the United States. Finally, when we restricted the analysis to women in whose responses the interviewers had a high degree of confidence, we obtained results that were almost the same as those derived from the entire study sample.
In about half of the cases, the reference date used to anchor recall during the interview preceded the date of positive urine culture, but this averaged 5 days or less. Because the interviews were typically conducted a month or two after the UTI, it is unlikely this introduced important bias in the recall of exposures.
Interview data were gathered using a computerized system that provided instantaneous checks for consistency between items and out-of-range responses. Interrater reliability among our interviewers was very high. Furthermore, we attempted to keep the interviewers uninformed about a subject's case or control status until exposure data had been collected and entered into the computerized interviewing program.
Finally, all analyses that we conducted were planned at the outset of the study. None of the findings are the result of culling the data for secondary or unexpected relations.
Despite our intensive efforts to minimize bias, there were limitations to this study that deserve comment. First, a considerable number of prospective subjects declined to participate or could not be contacted, introducing the potential for response bias. We were able to collect very little information about nonparticipants, but we were able to determine that their mean age of 30 years was the same as that of participants. Second, even with substantial assistance, many women were unable to identify with certainty the type and/or brand of condom to which they may have been exposed. Moreover, we had no comprehensive source of external data to validate subjects' reported exposure. Pharmacy records from GHC were uninformative because most women purchased condoms at out- side pharmacies. Any errors in reporting exposure that may have occurred would likely have been nonsystematic and would have acted to diminish the observed association between the use of spermicide-coated condoms and UTT (20) . Third, the control group contained women who may have had a UTI more than 1 month previously, i.e., not so recently as to have been identified as a subject in the study. Other women in the control group may have had UTIs diagnosed outside the GHC system. To the extent that this occurred, it would also have tended to reduce the magnitude of any association between spermicide use and UTI. Fourth, the study population was insured and mainly Caucasian. Our results may not generalize to other groups of women.
Given the widespread and highly appropriate efforts to enhance the use of condoms, the significance of our findings should be placed in proper perspective. From a clinical standpoint, health care providers should ask women with UTI about the use of spermicide-coated condoms or other routes of exposure to spermicidal agents. Women who have recurrent infections should be advised about the role of spermicides so that they may consider using condoms without spermicidal coating, another form of contraception, and/or protection from sexually transmitted diseases. The risk of UTT is but one factor among many that must be considered in the decision to use spermicides. For most individuals, other factors, such as prevention of human immunodeficiency virus infection and unwanted pregnancy, should weigh more heavily.
It is possible, however, that other active spermicidal agents might not exert the same deleterious effects on the vaginal flora as N-9, an anionic surfactant that disrupts cell membranes. Research is warranted to find compounds that are less toxic to lactobacilli and demonstrate a greater inhibitory effect upon coliform organisms but retain activity against Neisseria gonorrhoeae, Herpes simplex virus, and human immunodeficiency virus. Even if such compounds are less effective spermicides, they might be desirable to many men and women who use spermicide-coated condoms solely for protection against these sexually transmitted organisms.
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